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Manufacturing 
& Prototyping
Hermetic Seal Designs for Sample Return Sample Tubes
Prototype sample tube seals prevent material loss and maintain sample integrity. 
NASA’s Jet Propulsion Laboratory, Pasadena, California
Prototypes have been developed of
potential hermetic sample sealing tech-
niques for encapsulating samples in a
≈1-cm-diameter thin-walled sample
tube that are compatible with IMSAH
(Integrated Mars Sample Acquisition
and Handling) architecture. Techniques
include a heat-activated, finned, shape
memory alloy plug; a contracting shape
memory alloy activated cap; an expand-
ing shape memory alloy plug; and an ex-
panding torque plug.
Initial helium leak testing of the shape
memory alloy cap and finned shape
memory alloy plug seals showed her-
metic-seal capability compared against
an industry standard of <1×10–8 atm-cc/s
He. These tests were run on both clean
tubes and dirty tubes dipped in MMS
(Mojave Mars Simulant). The leak tests
were also performed after thermal cy-
cling between –135 and +55 ºC to ensure
seal integrity after Martian diurnal cy-
cles. Developmental testing is currently
being done on the expanding torque
plug, and expanding shape memory
alloy plug seal designs.
This innovation is capable of signifi-
cantly reducing the amount of time re-
quired to stabilize the strain-tempera-
ture response of a shape memory alloy
(SMA). Unlike traditional stabilization
processes that take days to weeks to
achieve stabilized response, this innova-
tion accomplishes stabilization in a mat-
ter of minutes, thus making it highly use-
ful for the successful and practical
implementation of SMA-based technolo-
gies in real-world applications. The in-
novation can also be applied to complex
geometry components, not just simple
geometries like wires or rods.
SMAs are being developed for use as
actuators, switches, and other devices in
aerospace, automotive, and many other
industries. An important aspect of devel-
oping a useful SMA technology is the
ability to achieve a stabilized material re-
sponse. Most SMAs exhibit dimensional
instability when thermally cycled in the
presence of applied stress. In order to
mitigate the need for the design to deal
with such issues, “training” or stabiliza-
tion of the materials response must be
achieved prior to utilizing the material
under service conditions.
The process of stabilizing an SMA for
actuator response is generally thought
of as a stabilization of the strain during
thermal cycling under conditions of
fixed stress (the so-called isobaric re-
sponse). Although this formulation is
entirely appropriate, the underlying rea-
son for the strain stabilization is gov-
erned by the internal states that the
combination of stress and temperature
produce (in this case, one of the drivers
being transient and one being fixed).
Hence, any combination of stress and
temperature that would produce the
same strain state could also stabilize the
material for the intended service condi-
tion. In general, thermal cycling under
fixed stress is commonly used to achieve
stabilized behavior, but this process is
not only time-consuming but costly.
The current innovation replaces this
process with an alternate method utiliz-
ing mechanical cycles under conditions
of fixed temperature (the so-called
isothermal response), since mechanical
cycling takes far less time than thermal cy-
cling. The current innovation describes a
process for determining this link, fol-
lowed by achieving stabilization by a
rapid and efficient mechanical cycling
treatment. To begin, the stabilization
point for the material (the absolute strain
levels achieved after stabilization) is es-
tablished by performing an isobaric ex-
periment under conditions identical to
those that will be used during service.
Once known, a set of isothermal mechan-
ical cycling experiments is performed
using different levels of applied stress.
Each of these mechanical cycling experi-
ments is left to run until the strain re-
sponse has stabilized. Once the stress lev-
els required to achieve stabilization
under isothermal conditions are known,
they can be utilized to train the material
in a fraction of the time that would be re-
quired to train the material isobarically.
Once the strain state is achieved isother-
mally, the material can be switched back
under isobaric conditions, and will re-
main stabilized for the service conditions.
The advantage of approaching the
problem via this technique is that it is
now possible to reduce the amount of
time required to achieve a stabilized ma-
terial response from days to weeks, down
to a matter of minutes. The significant
reduction in time translates into a more
cost-effective solution for SMA-based
technologies that in turn improves the
viability of SMA device utilization.
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This innovation is directly applicable to actuator applications employing shape memory alloys.
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